Abstract: The application of the lattice Boltzmann model to acoustical simulations is considered. The validity and limitations of such an approach are discussed and simulation results relating to sound propagation and acoustic streaming are presented.
THE LATTICE BOLTZMANN MODEL
We consider a lattice Boltzmann model on a hexagonal grid with six links in the direction of the unit vectors ei = cos(27ri/6)i + sin(2rri/6)j for i = 1, 2, . . . . 6 where i and j are orthogonal unit vectors. The fluid is then described in terms of the distribution functions, fi(r, 1), i = 0, 1, . . . . 6 which evolve at each site f according to the lattice Boltzmann equation
~(~+ei,l+l)-fi(T,t)=-~[~~(r,l)-~i(T,i)],
where f is the time, T > 0.5 is a free variable and bi is the equilibrium distribution function given by 
where p(~, t) and U(T, t) are the density and velocity of the fluid at site T at time t and ec is the null vector. Thus given an initial value for fi (r, te) (which can which can be taken as the equilibrium value calculated using equation 2) the value of fi can be found at each site at subsequent times. The distribution functions completely describe the state of the fluid at each time-step and the physical quantities of density and velocity can be found as p = Ci ft and pzl = Ci fiei. Three different boundary conditions are applied at the edges of the grid: continuous boundary conditions wrap the simulation round onto the opposite edge of the grid; no-slip boundary conditions which specify zero velocity at a solid boundary (3); and wind-tunnel boundary conditions which specify the density and velocity of the fluid at the boundary be specifying the value of fi at the boundary, here we use T = 1 so the required values of ji are simply their equilibrium values Ti.
SIMULATION OF SOUND WAVES
Standing waves were simulated on a grid with R sites in the z-direction and rn sites in the y-direction. A wave with wavelength n lattice units was then set up by initializing the density and velocity according to linear wave theory. The simulation was then allowed to evolve and the density and velocity measured at the center of the grid at subsequent times. This was done with no-slip boundary conditions at y = 0 and y = rn to simulate a sound wave in a pipe; and with continuous boundary conditions at y = 0 and y = rn to simulate an unconfined wave. In both cases continuous boundary conditions were applied at z = 0 and z = X. This simulates a standing wave between two perfect reflectors when no energy is added to the wave and it decays freely. The density variation is shown in figure 1 for both cases when rn = 68 and n = 135, also shown is the theoretical damping rate. All the values are in lattice units which can be compared to actual waves through dimensionless variables. The action of the walls is seen to have a significant affect on damping the wave in a pipe and in both cases the damping rate is in good agreement with theory.
ACOUSTIC STREAMING
Acoustic streaming is a steady state fluid motion caused by the attenuation of a sound wave. This manifests itself as a second order velocity with time averaged components, for 0 < y < yl, given by (4) (w)t = -U2 sin(2kz) where < . . . >t represents a time average over one period of the sound wave, l/p = (2v/wp) l/2 is a measure of the distance from the boundary to which the viscosity effects the fluid, U is the amplitude of the velocity oscillations, yl is the position of the center of the pipe, c is the speed of sound and z = (~1 -y). This time-averaged velocity was measured for the standing wave in a pipe shown in figure 1 where now wind tunnel boundary conditions are applied at z = 0 and 2 = J! to sustain the wave motion. Figure 2 shows the simulated and theoretical acoustic streaming cell. The same basic vortex is seen in both plots and a smaller vortex, close to the boundary at y = 0 is also observed in the simulation results.
